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Semiconductor Processing

NIST measures the thermophysical properties of process
gases in response to the roadmap-expressed need of the
semiconductor processing industry for gas property data.
These measurements exploit novel, accurate, NIST-
developed acoustic techniques. The measured properties
include the speed-of-sound, ideal-gas heat capacity, den-
sity (equation of state), viscosity, and thermal conductivity.
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Representatives of the semiconductor industry have
identified the highest priority process gases, “surro-
gate” gases, and the binary mixtures of process and carrier
gases as well as targets for accuracy required to model
manufacturing processes. Specific areas that will benefit
from this work are chemical vapor deposition (CVD) proc-
esses and the calibration of mass flow controllers (MFCs)
using surrogate gases. The schematic diagram below
shows the components of a generic mass flow controller
(MFC) and the thermophysical properties required to
model them.
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NIST disseminates them via the internet at the URL
http://properties.nist.gov/semiprop. The database includes
the heat capacity at constant pressure, thermal conductiv-
ity, viscosity, and virial coefficients B(7) and C(T) that
determine the pressure-density-temperature relation of the
process gas mixtures.

By the end of FYO05, we used a Greenspan acoustic vis-
cometer to measure the viscosity of 17 gases under the
conditions listed in Table 1. The acoustic viscometer also
determines the speed of sound in the test gas. As in the
past, speed of sound was used to determine the ideal-gas
heat capacity to within 0.1 % and virial coefficients that

reflect each gas’s non-ideality. From the virial coefficients,
we developed an equation of state that predicts the gases’
densities to within 0.1 %. A new resonator was employed
to acquire the measurements of the last 8 gases in Table 1.
Publication of these data is delayed until the theoretical
model used to analyze the measurements is validated.

Tablel. Gases and Conditions for Viscosity
Data.
Gas Temperature Maximum
Range (K) Pressure, MPa

He 298 3.3

Ar 200 - 375 3.3

N, 298 33
C;Hg 225 - 375 0.9
SFs 298 1.8
CF, 200 - 375 3.3
C,F¢ 225 - 375 2.8
N,O 225-375 3.4
NF; 225 - 375 3.4
BCl; 300 - 400 1.3

CL, 280 - 400 3.2
HBr 225 - 400 3.3
C,Fs 300 - 375 1.6

Co 225-375 2.7
Co0, 220 -370 3.1
NH; 300 - 375 3.5
SiF, 225-375 2.8

The results of this research have been disseminated
through publications in professional journals, by a series of
talks at professional meetings, and an on-line database.

Future Plans: During FY06, we shall install a new monel
spherical resonator to measure the speed of sound in the
semiconductor process gases HF and SiF, to determine the
“best in the world” equation of state for these important
gases. We will complete the modeling and publish the vis-
cosity of the hazardous process gases: Cl,, HBr, SiF4, C4Fs,
NH;, CO, and CO,. The NIST results will decrease the
uncertainty of the viscosity from an estimated 10 % to ap-
proximately 0.5 %.






